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PREUXDJARY INTEXTGATION OF SXVERAL TARGET-TYPE 

By Fred W. Steffen, E. George Emll, and C a r l  C. Ciepluch 

Thrust-reversal  performance of severa l   bas ic   t a rge t - type   Je t  de- 
f l e c t o r s  of vmious s izes  and with various modifications w a s  obtained 
wfth unheated air mer a range of exhaust-nozzle pressure r a t i o s  fram 
1.7 t o  3.0. Reversed  thruste  up  to 58 percent w e r e  achieved. 

Maxlmum, or neax maximum, reversal  for a q  deflector  occurred at a 
spacing which wa8 mechanfcdly  feasible  and which'did  not affect nozzle 
air flaw. 

Two eas i ly   re t rac tab le   def lec tors ,  a Etmple  hemisphere and a double- 
sk in  hemisphere, t h e  latter designed to   control   reversed Jet  direct ion,  
w e r e  investigated  while instdled on a model  of a turboje t  engine t a i l  
pipe and car l ing  assembly. R e v q s a l  produced by   the   ins ta l la t ion   wi th  
e i ther   def lec tor  w a s  found t o  be  about 40 percent at a nozzle  pressure 
r a t i o  of 2.0. With the  simple hemisphere, 50 percent of the   ava i lab le  
thrust was l o s t  through  imuff ic ient  turning and 11 percent w a ~  lost 
through air-f low reduction, shock, and f r i c t i o n .  

Modern j e t   a i r c r a f t ,  havlng high wing loading@. and attendant  high 
landing  speeds,  require effective braking  device t o  e a f e l y  accomplish 
landings  within  the  distances allowed by present-day a i rpor t s .  Three 
methods of braking  je t  aircraft are now in ccBnmon use; wheel braking, 
drag parachute  braking, asd arrester gear braking. The analysis of r e -  
ference 1 has s h m  that wheel braking is generally  inadequate and is 
heaxily  dependent upon runway surface conditiom and t h a t  drag parachute 
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braking  requires  high initial decelerat ion  to   mater ia l ly   affect  t h e  
landing  distance.  Arrester gear braking, of course,   reguirw  that  the 
equipment and attending  personnel  be  present a t  all landing  f ield8 from 
which t h e  aircraft is t o  be  operated. 

A fourth method, t h r u s t  reversal, a lso  -zed in   reference 1, 
could provfde  throttle-controlled  deceleration at all speeds  under all 
ty-pea of rumw conditione  without  the  aid of' any ground equipment. 
Smal l .  amouzlts of thrust reversal  have been  obtained  with  target-type 
thrust spoi le rs  and are   reported  in   reference 2. 

L 

Because thrwt reversal appears t o  be  the most desirable  method of 
braking  mili tary and commercial Jet aircraf't ,   the NACA Lewis laboratory 
ha8 undertaken an experimental  inveetigatfon  to improve the  reversal  
performance of target-type Jet def lectors  and t o  determine sane of t he  
fac tors  which a f f ec t  t h a t  reversa l ,  such as def'lector  gemetry, size, 
and spacing. 

The performance of a small-male model of a pract ical   thrust-reversal  
i ne t a l l a t ion  and a segregation of the  incurred  reversal   losse8 w e r e  a l e o  
obtained. The d e l  included a def lector  which had shown good reversal  
charac te r i s t ics  combined with a geometry su i tab le  for re t rac t ion  and a 
ta i l  pipe and cowling w i t h  space for deflector  Etarage. c 

4 

APPARATUS AND PROCEDURE 

Equipnent and Inatrumentation 

The  mechanism used t o  m e a e u r e  th rus t   in   bo th   poe i t ive  and negative 
direction8 l e  shown in f igure  1. The air-supply  duct w a s  connected t o  
the  laboratory air system by f l ex ib l e  b e l l m  a d  pivoted t o  a s t e e l  
frame ao t h a t  axial thrust force8 d o n g  the  pipe,  both forward and r e -  
verse,  could be f reely  t ransmit ted and d i rec t ly  read f'rm a balanced- 
pressure diapbr-, d l - t y p e ,  thrust-memuring  cell.  To amure  that 
t h e  steel s t r a p  u8ed t o  transmit the   force  from t h e  duc t   t o   t he  thrust 
c e l l  was always i n  tension, it W a 8  smetimes  necessary t o  preload  the 
system with  counterweights. 

The sfmple  exhaust  nozzle a lso  shown i n  figure 1 had a half-cone 
angle of 8O, an exit diameter of 4 inches, and a 5-inch-outside-diameter 
approach  pipe. The def lectors  were  mounted on four rode extending from 
tabs  located 8 inches  ahead of t h e  exhauet-nozzle exit. 
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Exhaust-nozzle air  f l o w  wae m e a s u r e d  by mesne of a stadaxd A.S.M.E. 
L shazp-edged or i f ice .  Two total-pressure  tubes,  about 8 inches ahead of 

the  exhaust-nozzle exit, w e r e  used t o  meaeure  exhaust-nozzle inlet pres- 
sure, w h i l e  a barometer w m  used t o  m e a s u r e  ambient exha;ust pres~lure.  

w 
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Figure 2 share   the  m o d e l  engine tail pipe and cowling mounted on 
t h e  air supply  duct. The exhaust nozzle on this  configuration hEld a 
6.3O half angle asd a 4-inoh exit diameter. Other &imemione w e r e  
scaled down from a typica l  nacelle-type turboje t  engine ins t a l l a t ion .  

Instrumentation for the  configuration sham i n  figure 2 waa similar 
t o  that of the  simple exhaust nozzle except for t h e  addition of a t o t a l -  
pressure  tap  underneath  the  re t ract ion fa*- and a movable p i to t - s t a t i c  
tube, m o u n t e d  on the   f l oo r  of t h e  tat cell, which w a e  used to m e a a u r e  
t h e  magnitude  and d i r ec t ion  of t h e  reversed j e t .  

Deflectare 

Typical  deflector  geanetries are shown in  figure 3. Table I gives 
the  dimensiom and t he   geme t r i ee  of t h e  1 7  deflectors  investigated.. 
The 1 7  def lectors  w e r e  composed of four basic  configurations, namely t h e  

15- and 2 -diameter  single-ciroular-arc  type and t h e  5- and 2-d.iameter 

double-circular-arc  type, in three  s tages  of modification, open end, 
closed end, and. closed and f i l l e t e d  end, and f i v e  miscellaneou  deflec- 
tors. The radii of t h e  fillets added. -Eo t h e  four basic  configurations 
w e r e  equal t o   t h e  circular-arc r a d i i  of t h e   d e f l e c t a r   i n  which they w e r e  
imtalled and Etll the  deflectma  except  the  2.2-dlameter cup and t h e  
15-diameter  hemispheres had square frontal projections.  

1 1 

1 

Procedure 

Corrected forward th rus t s  and air flow6 of both  the  simple exhaust 
nozzle  and  the model t a i l  pipe and cowl w e r e  f i r a t  determined  over a 
range of exhaust  -nozzle pressure r a t i o s  from 1.7 t o  3.0. The deflectors, 
with  the  exception of configtzraticm Q, the  double-skin hemisphere, w e r e  
then in  turn attached t o  the  simple  exhaust-nozzle  installation at variaue 
spacings and t h e i r  performance  evaluated o v a   t h e  same range of  nozzle 
pressure  ra t ios .  

The reversal  provided by a complete thrust-reversal i n s t a l l a t i o n  
over a range of exhaust-nozzle pressure r a t i o s  was determined by m e a n s  
of t h e  m o d e l  ta i l  pipe and cowl and two deflectors,  corn-iguration  P, 
t h e  1.5-diameter hemisphere, and configuration Q, t h e  1.5-dismeter 
double-skin  hemisphere. 
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For t h e  entire investigation,  unheated air w a ~ l  used a d  the  nozzle 
pressure r a t i o  w a s  regulated by var ia t ion of inlet  preawe. 

Bas ic  Data 

Revered and air-flaw r a t i o  over a ranQe of nozzle  pressure  ratios 
from 1.7  t o  3.0 a t  various spacings for all the  various  types and modi- 
f ica t ions  of reversal  device8  investigated ase shown i n  figure 4.  Re-  
versal  is defined a~ t he  ra t io ,   in   percent ,  of the   resu l tan t   reveree  
corrected  Jet  thrust of the  exhaust  nozzle - deflector assembly at a 
given  exhaust-nozzle pressure r a t i o   t o   t h e  forward  corrected Jet  tkrust 
of  the  exhaust  nozzle alone a t  t h e  8ame given  exhaust-nozzle pressure 
rat io .   Air-f low  ra t io  is defined as t h e   r a t i o ,  i n  percent,  of  the cor- 
rected air flow passed by the  exhaust  nozzle - deflector  assembly at  a 
given  exhaust-nozzle  pressure  ratio to   t he   co r rec t ed  a i r  flow pmsed by 
the  exhaust  nozzle  alone a t  the  same given  exhaust-nozzle  pressure  ratio. 
Deflector spacing is defined &B the  distance f'rom the  exhaust-nozzle exit 
t o   t h e  rest? face  of the  def lector .   Deflector   e ize  and spacing are re- 
ferred t o   i n  terms  of  exhaust-nozzle  diameters. 

While most of the  important trends i n  def lector  performance are more 
c lear ly  shown by t h e  use of subsequent cross   plots  and a suunmry curve 
a t  a par t icular   pressure  ra t io ,   the  curves in  figure 4 are included t o  L 

present data over a complete range of pressure  ra t ios  and spacings for 
each def lector .  

The performance of fou r  basic  configurations, namely, t he  5-- 
1 

1 

diameter Z-dfameter  single-circulax-arc  deflectors, and the  1 ~ -  

diameter &nd. 2-diameter double-circular-arc deflectors are shown i n  
figures 4(a) t o  4(d) .  The performance, at various spacings, of t h e  four 
bmic  configuratione  with  the &S closed by t h e  addition of f la t  plates  
is shown i n  f igures 4( e )   t o  4(h) . The results  obtained  with a flzrther 
modification t o  the  four baeic  configurations,   the  addition of fillets, 
are  presented i n  figures 4 ( i )  t o  4(1). Data obtained fran four addi- 
t ional  configuratione,  a 1z-diameter  double-circular-arc  aeflector, ends 

closed and filleted with sides extended, a l-diameter single-circular- 
arc deflector  with ends closed and filleted, a 2.2-diameter  cup-shaped 
deflectoy, and a 1.5-diameter hemflspherical def lector  are shown i n   f i g u r e s  

Y 

I 

4 ( d  t o  4(p)  . 
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Variation of R e v e r s a l  wlth Nozzle Pressure Razio 

V a s i a t i o n  of reversal   with  nozzle pressure r a t i o  mag 8380 be  noted 
from the  foregoing curves. Maxinrum variat ion i n  reversal  for all con- 
figurations,  with  the  exception of t h e  1.5-diameter hemisphere, mounted 
t o  about 10 percentage poin-k over range of nozzle pressure r a t i o s  
f r o m  1.7 t o  3.0. The var ia t ion  w a s  coneiderably less, harev=, for 
closed-end configuratione a t  near-optimum spacingB. The 1.5-diameter 
hemisphere, while samewhat more s e m i t i v e  t o  pressure r a t i o   t h a n  other 
closed-end configurations, showed extreme s e n s i t i v i t y  a t  some spaoings 
less than optimum, probably  because of an i n s t a b i l i t y  of reversed jet  
direction  observed at these spacings. 

Tarfat ion of Reversal  with A i r  Flow 

It could be  expected that reversal  w a u l d  occur a t  a swing 
just great enough t o  permft  passage of 100 percent of t h e  normal air 
flow. Any lesser spacing wmld cause reversal  l o s s e ~  through  losses in 
air flow and any greater spacing wou ld  c a s e  reversal losses through in- 
complete turning. That mximwn or near-maxkmm reversal  does OGOW at  
a spacing which f lm an &-flow r a t i o  of 100 percent is shown in 
figure 5, which is a cross plot of a i r - f low  ra t io   against   reversal ,  in- 
cluding  data from all the   foregoing   conf igura t im w%th the  exception of 
t h e  l-diameter configuration.  Cmequently,  these  deflectors can be 
u t i l i z e d   t o   t h e i r  full extent, if properly  potJitioned,  without any e f fec t  
on engine operation. 

Vmiat ion of Revered with D e f l e c t o r  Spacing a d  Deflector 

Spacing Required for 100 Percent Air-Flow Ratio 

The ef fec t  of defleotor  spacing on reversal and the  spacing  required 
fo r  100 percent air-flow ratio at a nozzle  pressure  ratio of 2.0 are 
shown in figure 6 for t h e  same configurations. R e v e r s a l  performance of 
t h e  open-end configurations is less s e m i t i v e   t o  spacing, at spacings 
which g ive   l ess  than 100 percent air-flow r a t io ,  than are t h e  Closed-end 
configuratione . A t  spacings greater than that required for 100 percent 
air-flaw ra t io ,   reversa l  performance, for both open-end and closed-end 
deflectors,  is only s l igh t ly   a f fec ted  by change in  spacing  within  the 
range of spacings  investigated-. The range of spacings required for 100 
percent  corrected air-flow r a t i o  f o r  these  def lectors  v a r i e s  f rcm about 
0.66 t o  1.3 nozzle  diameters. The spacings  required for 100 percent 
air-flaw ra t io   appem,   therefme,   to   be   wi th in  the limits of mechanical 
f eas ib i l i t y .  

. 



6 NACA RM E53U5b 

Relative  deflectcrr  paformance af~ affected by size,  Remetry, and 
modification of Remetry. - The relative performame of all 16 configura- 
tiom a t  optimum spac iw  and at a typ ica l   nozz le   peesure   ra t io  of 2.0 
an& t he   e f f ec t s  of various  modifications t o  the-four  basic  confi&rations 
a r e  sham i n  figure 7. For t he  open-end configurations,  the  Z-diameter 

def lectors  proved superior t o   t he   l== i sme te r   de f l ec to r s  of eimilar shape 1 

and the  double-circulas-arc  deflectors proved super ior   to   the   e ingle-  
c i rcular-arc   def lectors  of almilar s ize .  

Although t h e  original deaign philosophy of.  the  open-end c i rcu lar -  
arc   def lector   cal led for i ts  r e t r ac t ion  up again& t h e  low& surface of 
the  w i n g  i n  a pod-type  engine ine t a l l a t ion   . i n  such a way as t o  permit 
the  f ree-s t ream  air  t o  pass ax ia l ly  through it, poor reversal (13 t o  35 
percent) prompted the   addi t ion  of end plates  to  prevent  escape or' t he  
flow 90' t o   t h e  thrust axis. Increases in reversal  from 3 to 45 percen- 
tage points were obtained by the  addition of end plates.  I n  t h i s  perti-  

c u l m  stage of modification,  the %"diameter configurations showed 

superior performance to t h e  Z - d h n e t e r  configurations of simflar shape, 

and t he  X=--diameter single-circular-arc  configaration showed superior 

performance t o  t h e  &-diameter  double-circula,r-arc  configuration. 

. . . . - - . . . 

1 

1 
L, 

2 . . . - . . . 

Fi l le t ing   the   sharp  i n t d  corners of the  deflector  to  provide a 
more e f f i c i en t  flow channel  resulted  in small reversal   increases amount- 
ing to a maximum of 8 percentage  points for t h e  2-di.m.et~- double- 

c i rcular-mc  def lector .  The  <,$lameter  single-circular-arc, BO modi- 
fied, r e m l t e d  In t h e  most e f f ic ien t   def lec tor  .@ t h e .  16  investigated 
and produced  a reversal  of  about 58 percent. 

Because  of the  apparent additional flow guidance offered by t h e  
double-circulex-arc  deflectore, it had- been  expected that the  double- 
clrcular-arc  confi@;uratiom w o u l d ,  i n  all stat- of modification,  be 
superior  in  performance to the  eingle-ciroular-arc  configuratione. 

Since  the I;;-diameter double-circular-a;rc  deflector'wlth  the ends cloeed 
and f i l l e t e d  proved t o  be 6 percentage  points  lefls  efficient  than  the 
single-circular-arc  deflector  with  the ends clmed and f i l l e t e d ,  it was 
eupposed that the  lack of depth might be  the  reaeon for its iMerior 
performance.  Accordingly, the sides of the  "diameter double-circular- 

w c   d e f l e c t o r  w i t h  ends closed and f i l l e t e d  were extenled t o  give a 

1 
LI 

12' 
depth  equal  to t h a t  of t h e  %himeter   s ing le-c i rcu lar -a rc   def lec tor .  

. 

. - .  

4 
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Performance  of the  result ing  configuratfon  decreased by  9 percentage 
points. 

In an  attempt  to  gain better performance  by a Further  reduction in  

def lector  s ize ,  prompted  by the  superior  performance of t h e   5 4 i a m e t e r  

configuration in the  c losed and f i l l e t e d  stage of modification,  the 1- 
diameter  eingle-circular-arc  deflector  with  end^ closed and filleted 

percent of t h e  forward correc ted   j e t  t h s t ,  and no resu l tan t  reverse 
thrust w a s  obtained. 

1 

P 
-l 
4 

w w a s  investigated.  only thrust   spoi lage  resul ted,  amounting t o  about 97 

The r e l a t i v e  performance  of t h e  2.2-diameter cup deflector  is also 
shown in  f igure  7. A 38-percent reversal was obtained,  but changes i n  
s i z e  might  very w e l l  improve the  eff ic iency of this  configuration. 

Because t h e  inner surfaces of the  s ingle-circular-mc  def lectors ,  
with ends closed and f i l l e t e d ,  were approaching  hemiephericd  surfaces, 
anti s ince a hemispherical  deflector would readi ly   lend itself t o  re- 
t r ac t ion  around t he  exhauat  nozzle, a8 will be s h m  later, a 1.5- 
Ciameter hemispherical  deflector w a s  teeted.  Its reversal  performance, 
which a t  a nozzle  pressure  ratio of 2 amounted t o  39 percent, is e h m  
i n   f i g u r e  7. 

From the  foregoing  results,  it appears that deflector  s i z e  and. 
geometry are in te r re la ted  and that their   effect6  cannot  be independently 
pre6icted. An optinrum s i z e  was shown t o  d s t ,  however, f o r  a per t icu lar  
geometry (the  single-circular-arc  closed and f i l l e t e d  end def lector) .  

Because t h e  main purpose of t he  1 6  configurations ju8t discussed 
w a ~  to   rap id ly   sc reen  var ious  deflector  sizee,  geometries, and modifica- 
t ions  of gemetr ies ,  no pressure or  flow surveys  were made for t h i s  part 
of the  invest igat ion.  

Application of Target-Type Reversal Device t o  Typical 

Nacelle-Mounted Turbojet  Engine  Installation 

and Analyeie of Performance 

To determine  the performance of a def lector  mounted on a typ ica l  
engine  installation,  with  reveree flow around t he   r e t r ac t ion  fairing, a 
m o d e l  ta i l  pipe, cowl, and d e f l e c t o r   i n s t m a t i o n  w a s  constructed  (fig. 
2) 
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A 1.5-diameter hemispherical  deflector waa s e l m t e d   f o r   t h e  model 
instal la t ion  because of its moderately good reversal  character is t ics  and 
especially  because of t h e  ewe with which it could be   re t rac ted  and 
fa i red .  The proposed method  of retraction is shown in  figure 8. I n  the  
retracted  posit ion,   the  deflector,  composed of a large  spherical   sector  
A and a small  spherical   sector  B, would provide a smooth contour for t he  
rear of the   ins ta l la t ion .  For extension to   the  reversed-thrust   posi t ion,  
t he   de f l ec to r  would be tranelated aft and sectors  A and B wmld be   ro ta -  
ted  toward  each  other,  one s l id ing  over t h e  other, unt i l   the   nozz le-ex i t  
hole in  sec tor  A waa covered  and a hemisphere form&. 

IC 
PC 
d 
M 

Performance of t h e   c m p l e t e  inatallation W a s  similar t o   t h e   p e r -  
formance  of t h e  1.5-dianeter hemisphere m o u n t e d  behind  the  simple ex- 
haust  nozzle which has previously been shown in  figure 4(p). A velo- 
c i t y  survey,  presented i n  figure  9(a),   shared that the reversed J e t  
flowing from the  hemisphere waa  turned through an angle of on ly  120' and 

, emerged. in a sharply  defined surface which w m  completely  iaolated from 
t h e  cowling,  thus  accounting  for  the similar performance  of the hemis - 
pherical   def lector  on both  the  simple exhaust nozzle and t h e  model tail- 
pipe and cowling msembly. The d i rec t ion  and shape of the  reversed j e t  
&LBO indicated that t h e  j e t  did not  follow  the  contour of t he  hemisphere 
but waa merely  deflected  by a etagnant  region  within  the hemisphere. 

It is interesting t o  note   tha t  i f  no pressure loss occurred i n  
turning, a EOO turn w o ~ l d  produce  50-percent revered. Because only 
39-percent reversal  W&B obtained at the  pressure r a t i o  at which t h e  velo- 
city  survey w m  taken, 11 percent of the   ava i lab le  thrust w m  l o e t  through 
reduct ion   in  air flow, shock, and f r ic t ion .  

Because  such a wide-angle  discharge  appeared t o  be  undesirable for 
some applications, a double-skin  hemisphere  with a perforated inner sk in  
(fig. 3( j), configuration Q) W&B designed. It WBB expected that t h e  
stagnant air would b l e d ,  between t h e  two skine,  thus allowing t h e  main 
j e t   t o  follow more closely  the  contour of t he  inner sk in  and be  turned 
c l o e e r   t o  180'. The design  accomplished its purpose by curving  the re- 
verged J e t  ra ther  than appreciably  changing  the  inmediate  discharge angle 
&8 can be seen from figure 9(b), which is t he   r eeu l t  of velocity  sumeye 
taken a t  fleveral  locations dong the  cowl. Pressure under t h e  r e t r ac t ion  
f a i r i n g  remained  atmospheric. 

Because some t h ro t t l i ng  l o s s  through  the  holes in  the  inner  akin 
probably occurred and because  the immediate discharge angle of t h e   J e t  
was probably somewhat IncreaBed, performance of the  1.5-diameter  double- 
sk in  hemisphere was  approximately  the same as that of the  s ingle-skin 
hemisphere and is s h a m   i n   f i g u r e  10. It appears, therefore,   that  by 
adjustment of inner-skin  hole mea and the  diecharge area between t h e  
inner and outer skins,  t he  reversed J e t  along the  cowl could be made t o  
flow at any desired angle without  any severe thrust-reversal   penalt ies.  



NACA RM E53L15b 9 
- 

CONCLUDING RENARKS 
t 

Of t h e  1 7  taxget-type  thrust-reversal   devices  investigated,   the 5-- 
nozzle-diameter siqle-circularr-arc def lector   with closed and f f l l e t e d  
ends produced maximum reversal ,  amounting t o  apPr0x”bely 58 percent of 
t h e  forward je t  thru6t. 

1 

The e f f ec t  of c los ing   the  enda of various open-end circulax-arrc 
def lectors ,  which caueed increa6eE in thrust reversa l  frm 3 t o  45 per- 
centage  points, wa6 dependent  upon def lec tor  s i z e  and configuration. 

The e f f ec t  of fi l let ing the  internal angles of variuua cloaed-end 
cfrcular-arc def lectors  ma small, resulting in a maximum reversal  in- 
c r w e  of 8 percentage  points and. waa a lso  dependent upon def lec tor  s i z e  
a3id configuration. 

Maximum or near-mmimum reve r sa l   fo r  any configmation could be 
3 

> obtained  with  the  deflector  posit ioned  such that the  corrected air flow 
> of the   nozz le   def lec tor   ins ta l la t ion  remained t h e  same 88 the   corrected 

. a i r  f l o w  of the  nozzle  alone,  demonstrating  that  these deflectors cen 
be   e f f i c i en t ly  used without affecting engine operation. 

- Deflector  spacing  (distance frm e x b e t - n o z z l e  exit t o   r e a x  face 
of deflector)  required for an a t r - f l o u   r a t i o  of 100 p e c e n t  var ied  from 
about 0.66 t o  1.3 nozzle  diameters and appeared mechanically feas ib le .  

b 

Max- var ia t ion  in  reversa l  over a range of nozzle   pressure  ra t ios  
from 1.7  t o  3.0 f o r  a given deflector at optimum spacing waa about 10 
percent. The var ia t ion  w a s  considerably less, however, for t h e  closed- 
end deflectors  (with  the  egception of t h e  1.5-diameter hemisphere) and 
amounted t o  about 5 percent. 

A 1.5-diameter  hemispherical  deflector, chosen as a p rac t i ca l  re- 
versal device and fnste,lled on a model of a tmical nacelle-type engine 
ins ta l la t ion ,  produced 39 percent reversal at a nozzle pressure r a t i o  of 
2.0 by turning t h e  jet U O 0 .  O f  the   ava i lab le   th rus t ,  50 percent was 

. therefore  lost through  ineufficient turning and 11 percent  through air- 
flow reduction,  shock, and f r i c t i o n .  A 1.5-diameter double-akin hemis- 
phere produced a reversal of 40 percent a t  t h e  same pressure ra t io ,   bu t  
caused the   reversed jet t o  flow i n  a curved path   resu l t ing  in a turn of 
about 180’. 

Lewis Flight  Propulsion  Laboratory 
National Advisory C o d t t e e  for Aeronautics 

Cleveland, Ohio, Deceniber 21, 1953 
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APPmIx - SYMBOLS 

The following symbols are used i n  th i s   r epor t :  

exhaust-nozzle  diameter 

def lec tor  exit diameter, exhaust -nozzle  diameters 

def lec tor  exit height,  exhaust-nozzle diameters 

deflector  spacing in  nozzle diameters, m e a m r e d .  frm exhaust nozzle 
e x i t   t o  rear inner face of def lec tor  

t o w  pressure  immediately  upstream of the  exhaust  nozzle 

ambient  pressure i n  t h e  test c e l l  

total   temperature  upstream  of  the exhaust nozzle 

air flow 

deflector  exit width,  exhaust  -nozzle  diameters 

r a t i o  of t o t a l  pressure a t  nozzle inlet to   absolute   pressure at NACA 
standard  sea-level  conditions 

r a t i o  of t o t a l  tempera-ture at nozzle inlet  t o  absolute  temperature 
a t  NACA s t a n d m  sea-le~el conditions 

1. Iserland, I(. : Braking t h e  Landing Run of Je t  Aircraft by Thrust 
Deviation.  Interavia, vol. VIII, no. 3, 1953, pp. 151-154. 

2. Polak, I. P. : Developement of Turbo-Jet  Engine  Thrust  Destroying and 
Reversing  Nozzle No. AEL 102. AEL-1108, Aero. Eng. Lab.,  Naval Air 
Material C e n t e r ,  Naval A i r  Statfon  (Phlla.  ) , Jan. 13, 1950. (Pro j . 
TED NO. NAM-PP-375 and TED NO. NAM-04614.) 
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TABLE I. - DEFLECMR CONFIGZTRATIONS 

Deflector exit 
width  and  height, 

or  diameter, 
exhaust-nozzle 

diameters 

1- 1 
2 
2 
1 

2 

1 1- 
2 

2 

1 
IT! 

2 
I 

2 

2.2 

1.5 

1.5 

Geometry 

S ingle   c i rcu lar   a rc  

Single   c i rcular  arc 

Double c i rcu lar  arc 

Double c i r cu la r   a r c  

Single   c i rcular  arc 

Single circular arc 

Double c i rcu lar  arc 

Double c i rcu lar  arc 

S ingle   c i rcu lar   a rc  

S-le c i r cu la r   a r c  

Double c i r cu la r   a r c  

Double circular arc 

Double c i rcu lar  arc 

Single   c i rcular  arc 

CUP 

Hemisphere 

Double-skin 
hemisphere 

Modifications 

Ends open 

Ends open 

Ends open 

Ends open 

Ends closed 

Ends closed 

Ends closed 

Ends closed 

Ends closed and filleted 

Ends closed and f i l l e t e d  

Ends closed and f i l l e t e d  

Ends closed and fi l leted 

Ends closed and f i l l e t e d  
and sides extended 

Ends closed and f i l l e t e d  
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. 
Steel f 
Figure 1. - Schematic diagram af aetup f o r  thrust-reveraal  fnveattgaticm. 
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(a) Configurations A aad B, single 
circular  arc, ends open. 

(c) Configurations E and F, single 
circular  arc, ends closed. 

(a) Configwxticms C and D, double 
circular  arc, ends open. 

(a) Configurations G and H, wuble 
circular  arc, ende closed. 

(e) Configurations I, J, and B, single (f) Canfigumtiane K and L, double 
circular  arc, ends ClOEed and filleted.  cricular  arc, ends closed and filleted. 

Figure 3. - Tgpical jet deflector  gemetriee. 



16 NACA RM E53L15b 

(g) Configuration M, double c i r o u l a r  am, (h) C o n f i g u r a t i o n  0, oup. 
ends aloaed and f i l l e t e d  and. sides extejnded. 

(i) Canfigurstion P, hewlaphere. ( J )  C o & i g u r a t i o n  8,  double-akin hemisphere. 

Figure 3.  - Conoluded. Tgpioal Jet &&lector aeconetriea. 
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1.6 2 -0 2.4 2.8 3.2 
Nozzle pressure ratio,  pJp0 

(a) Configuration A .  
Figure 4 .  - A i r - f l o w  and thrust-reversal charecteristics of 

deflectors over range of exhaust-nozzle pressure ratios. 
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1.6 2.0 2.4 2.8 3.2 
Nozzle pressure ratio,  Pn/po 

(b ) Configuration B . 
Figure 4. - Continued. A i r - f l o w  and thrust-reversal character- 

istics of deflectors over range of exhaust-nozzle pressure 
rat ios . 
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U O  
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(c) Configuration C. 

Figure 4. - Continued. A i r - f l o w  and thrust-reversal character- 
istics of deflectors over range of exhaust-nozzle pressure 
ratios . 
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"1.6 8 2 .o 2.4 2.8 3.2 
Nozzle pressure ratio,  pn/p0 

( d )  Configuration D. 
Figure 4. - Continued. A i r - f l o w  and thrust-reversal character- 

istics of deflectors over range-of exhaust-nozzle pressure 
ratios . 
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2.0 2.4 2.8 3.2 

Nozzle pressure  ratio,  Pn/po 

(e)  Canfigmat  ion E. 

Figure 4. - Continued. Air-flow and thrust -reversal  character- 
i s t i c s  of deflectors  over range of exbust-nozzle  pressme 
ratios . 
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2, a d <  
0 0.30 

Ends closed l.O0 
0 1.13 

40 

30 

20 
1.6 2.0 2 - 4  2.8 3.2 

Nozzle pressure ratio, Pn/po 

(f } Configwat ion F . 
Figure 4. - Continued. Air-flow and thrust-reversal  character- 

i s t i c s  of deflectors over range of exhaust-nozzle preeeure 
ratios . 
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2, d i m ,  

I 0 0.38 

Ebds closed 1.13 

60 

50 

40 

30 
1.6 2.0  2.4  2.8 3.2 

Nozzle  pressure  ratio, Pn/po 

(g) Configuration G. 
Figure 4. - Continued. A*-flow and thrust-reversal  character- 
istics of deflectors over range of exhaust-nozzle  pressure 
ratios . - 
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- .6 2 .o 2.4 2.8 3.2 
Nozzle pressure ratio,  Pn/po 

(h) Configuration H. 

Figure 4. - Continued. Air-flow and thrust-reversal character- 
istics of deflectors over range of exhaust-nozzle pressure 
ratios . 
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Nozzle  pressure  ratio,  Pn/po 

(I) Configuration I. 
Figure 4 .  - Continued. Air-flow and thrust-reversd character- 

istics of deflectora  over  range of exhaust-nozzle  pressure 
ratios * 
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Nozzle  pressure ratio, Pn/po 

( J )  Configuration J. 
Figure 4. - Continued. Air-flow and thrust-reversal character- 

istics of deflectors over range of exhaust-nozzle  preseure 
ratios . 
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Nozzle  presaure  ratio, Pn/po 

(k) Configuration K. 
Figure 4. - Continued. BFr- f Iaw and zbrust-reversal  character- 

istics of deflectors  over range of exhaust-nozzle  pressure 
ratios. 
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50 

40 

30 

20. 

I I I I I  . 

Nozzle pressure ratio, Pn/po 

(1) Configuration L. 
Figure 4.  - Continued. A i r - f l o w  and thrust-reversal  character- 

i s t i c s  of deflectors over range of exhut-nozzle pressure 
rat 50s. 
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29 

~ozzle pressure ratio, pn/p0 

(m) Conffguration M. 

Figure 4. - Continued. Air-flow and thrust-reversal character- 
istics of deflectors over range of exhaust-nozzle pressure 
ratios. 
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1.6 2.0 2 . 4  2.0 3.2 
Nozzle  pressure ratio, P,/po 

(n) Configuration N. 
Figure 4. - Continued. Air-flow and thrust-reversal chaxacter- 

istics of deflectors over range of exhaust-nozzle presswe 
ratios . 
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0 

2, dim. 

0.63 
.75 
-88 

1.00 
1.13 
1.50 

Nozzle pressure ratio, Pn/po 

(0) C o n f m a t i o n  0. 

Figure 4 .  - Continued. A.ir-flar and t h t - r e v e r s a l  character- 
i s t i c s  of deflectors over range of exhaust-nozzle pressure 
ratios . 

31 
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2 ,  dim. 

0 1.126 
A 1.25 

(p) Configuration P. 
Figure 4. - Concluded. Air-flow and thrust-reversal  aharacter- 

ist ics of deflectors over range of exhaust-nozzle pressure 
ratios . 
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(c) Closed and f i l l e t e d  end configurations. 

110 

100 

90 
0. &D double circulaz a r c  

A 2-D double circular arc 

b 1 L D  double circular  arc 
00 sides extended 

P 2.2-D CUP 
0 1.5-D hemlaphere 

70 
10 20 50 40 50 60 

Reverael, (Fj/6 Ireveree (Fj/B)ionrerd, percent 

(d)  Miecellaneous  configurations. 

Figure 5. - Concluded. Variation of correc€e&air flow with thrust 
reversal for various deflectors.  Exhaust-nozzle  preeeure ratio,  
P*/POr 2.0. 
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30 

20 
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0 

35 

.2 .4  . 6  .8 1.0 1.2 
Distance  from  exhaust-nozzle  exit to rear face of deflector, 

nozzle diam 

(a) Open-end configurations. 

Figure 6. - Variation of thrust rzversal  with  deflector spacing. 



.2 .c .6 1.0 

o +D s i w e  c i r d  arc 

0 2-D single circular  arc 
0 dj-D double cireular arc 

A 2-D double circular tire 
+ Minim distance for 100 per- 

cent  corrected air f l o w  

1.2 1.4 1.6 
Distance from nozzle exit to rear face of deflector,  nozzle d i m  

(b) Cloned-end configurations. 

Figure 6. - Continued. Varlatlon of thrust revemal with deflector spacing. 
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Q 1' D hemisphere 

b 1-D double circular arc, f 
ends closed and fi l leted 
and sides &ended 

V 2.2-D CUP 

l 
Mstance from nozzle exit to rear face of deflector, nozzle ~Uam 

. t  

(a) Additional  configurations. 

Figure 6 .  - Concluded. Variation of thrust reversal with deflector spacing. 
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Distance Prom deflector exit, exhaust-nozzle d i m  

(b) Configuratlon 9. 

Figure 8. - Cancludd. Mrectlon and q i t u d e  of reveraed j e t  floving fmm heniaphzricsl deflectom mounted on wdel 
-11-plp and covliag asacnbly. 
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Nozzle  pressure  ratio, pn/p0 

Figure 10. - Air-flow and thrust-reversal  characteristics of 
double-skin  hemisphere  deflector  over  range of exhaust- 
nozzle  pressure ratios. 

NACA-Langley - 3-l2-54 - 9260 


